














+9$& V\VWHPV  7KH GHYHORSHG JDV VHQVRU DPSOLILHV GLIIHUHQWLDOO\ ERWK WKH RXWSXW RI WKHUPRSLOH DQG RXWSXW RI WHPSHUDWXUH
VHQVRU WKDW KDV OLQHDU RXWSXW FKDUDFWHULVWLFV  :LWK GLIIHUHQWLDO DPSOLILFDWLRQ FLUFXLWV WKH RXWSXW YROWDJH RI VHQVRU PRGXOH








6LQFH WKH LQGRRU DLU TXDOLW\ ,$4 LV UHOHYDQW WR KXPDQZHOOQHVV VR WKH DGHTXDWH YHQWLODWLRQ LV LPSRUWDQW WR
SUHYHQW VHULRXV KHDOWK SUREOHPV OLNH WKH 6LFN +RXVH 6\QGURPH 6+6 DQG 1HZ %XLOGLQJ 6\QGURPH 1%6 >@
,QDGHTXDWHYHQWLODWLRQ LQKRXVHDQGRIILFHDFFXPXODWHVFDUERQGLR[LGH VR LWFDXVHVVRPHIDWLJXHV\PSWRPVZKHQ
WKHFRQFHQWUDWLRQRI&2LVRYHUSSP7KH(8UHLQIRUFHGWRLQVWDOO&2JDVVHQVRUPRGXOHLQWKHUPDOUDGLDWRU
WKDWXVHVIRVVLOIXHOLQRUGHUWRRSHUDWH+HDWLQJ9HQWLODWLRQDQG$LU&RQGLWLRQLQJ+9$&V\VWHPHIIHFWLYHO\DOVR
GHFUHDVH HQHUJ\ FRQVXPSWLRQ DQG WR SUHYHQW WKH DLU SROOXWLRQ UHODWHG LOOQHVV 7KHUHIRUH WKHUH DUH QHHGV RI
PRQLWRULQJ DLU TXDOLW\ WR UXQ+9$& V\VWHP DW WKH RSWLPL]HG FRQGLWLRQ )XUWKHUPRUH WKHQHHGV RI FDUERQ GLR[LGH
VHQVRU LV JHWWLQJPRUH LPSRUWDQW WKDQ HYHU EHIRUH EHFDXVH LWPLJKW KHOS HIIHFWLYH RSHUDWLRQ RI+9$& V\VWHP LQ
DXWRPRWLYH WR DOOHYLDWH WKH µ*UHHQKRXVH (IIHFW¶ DQG HQKDQFH WKH TXDOLW\ RI FDELQ DLU TXDOLW\ E\ XVLQJ 'HPDQG
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 $XWKRUQDPH3URFHGLD(QJLQHHULQJ±
SULQFLSOH 1',5 JDV GHWHFWRU XVXDOO\ XVHV VLOLFRQ WKHUPRSLOH GHWHFWRU ZLWK VSHFLDOO\ GHVLJQHG ,5 ILOWHU DQG WKH
WUDQVPLVVLRQ ZDYHOHQJWK RI ,5 ILOWHU PDWFKHV ZHOO WR WKH DEVRUSWLRQ ZDYHOHQJWK RI WDUJHW JDV LW KDV D KLJKHU
VHOHFWLYLW\LQWKHRSHQDLUFRQGLWLRQ+RZHYHUWKHWKHUPRSLOHGHWHFWRULVYHU\VHQVLWLYHWRWKHYDULDWLRQRIDPELHQW
WHPSHUDWXUHVRWKHWHPSHUDWXUHFRPSHQVDWLRQRI1',5JDVVHQVRULVHVVHQWLDOIRUFRPPHUFLDOSURGXFWVDVWKLFNILOP






















$V FDQ EH VHHQ LQ)LJ  D WKH ,5EHDPUDGLDWHG IURP WKH ORZHU OHIW FRUQHU UHIOHFWV ILYH WLPHVDW WKHPLUURU
VXUIDFHVDQGSDVVHV WKURXJK WKHDSHUWXUH ORFDWHGRQWKHXSSHUOHIW VLGHRIRSWLFDO VWUXFWXUH 7KH ,5 UD\ LUUDGLDWHV
RQWRWKHGHWHFWRUVLGHXQLIRUPO\DVVKRZQLQ)LJEDQGVROLGPRGHOLQJRIFDYLW\VWUXFWXUHLVVKRZQLQ)LJF
([SHULPHQWDOVHWXSDQGH[SHULPHQWV
)LJXUHVKRZV WKHEORFNGLDJUDPDQGDSKRWRRIGHYHORSHGVHQVRUPRGXOH $VVKRZQLQ)LJXUH DQHZO\
GHYHORSHG1',5&2 JDV VHQVRUPRGXOH FRQVLVWV RI ILYHPDLQ FRPSRQHQWV 7KH ILUVW LV D XQLTXH RSWLFDO FDYLW\






YROWDJHV WKHUPRSLOH DQG WHPSHUDWXUH VHQVRU DUH LPSRUWDQW IDFWRUV WR ILJXUH RXW WHPSHUDWXUH FKDUDFWHULVWLFV RI
GHYHORSHGVHQVRUPRGXOHZHXVH0LFUR&RQWURO8QLW0&8$'8&WKDWKDVELWVLJPDGHOWD$'FRQYHUWHU
 N IODVKPHPRU\ DQG  ELW '$ FRQYHUWHU DQG0&8 JHQHUDWHV D VLJQDO IRU PRGXODWLQJ ,5 SXOVH  6LJQDOV
GLIIHUHQWLDOO\DPSOLILHGWKHUPRSLOHRXWSXWYROWDJHVDQGDPELHQWWHPSHUDWXUHVHQVRURXWSXWYROWDJHVFRQYHUWHGIURP
WKHGDWDRIWHPSHUDWXUHVHQVRUDUHGLVSOD\HGRQWRWKHPRQLWRUDQGVWRUHGLQWKHDOORFDWHGIROGHURIFRPSXWHUWKURXJK



















)LJXUH D LV WKHRXWSXWYROWDJHFKDUDFWHULVWLFVRIGLIIHUHQWLDOO\DPSOLILHGWKHUPRSLOHDVD IXQFWLRQRI LQMHFWHG
FDUERQ GLR[LGH FRQFHQWUDWLRQ PHDVXUHG E\ D SKRWRDFRXVWLF PXOWLJDV DQDO\]HU  $V LQFUHDVLQJ WKH LQMHFWHG JDV
FRQFHQWUDWLRQ WKH RXWSXW YROWDJHV VHHP WR EH GHFUHDVHG H[SRQHQWLDOO\  $IWHU DQDO\]LQJ WKH GDWD UHFHLYHG IURP
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

ZKHUH\R LVRIIVHWYROWDJHRIVHQVRUPRGXOHDWQHDUO\LQILQLWH&2FRQFHQWUDWLRQD LVWKHRWKHURIIVHWYROWDJHRI






















WR LPSOHPHQW WKH WHPSHUDWXUHFRPSHQVDWLRQ DOJRULWKP IRU KLJKHU DFFXUDF\ LUUHOHYDQW WR WKH DPELHQW WHPSHUDWXUH





DQDO\]HU DQG WHPSHUDWXUHFRPSHQVDWHG VHQVRUPRGXOH WKDW LV GHYHORSHG LQ WKLV VWXG\ DW URRP WHPSHUDWXUH  7KH






HYHU\ VL[ VHFRQGV DQG JLYHV RQH PHDVXUHG UHVXOW DIWHU DYHUDJLQJ HLJKWPHDVXUHPHQWV LI WKHUH LV VRPH H[WHUQDO
GLVWXUEDQFHOLNHDEUXSWLQMHFWLRQRIFRPSUHVVHGFDUERQGLR[LGHJDVWKHVHQVRURXWSXWYROWDJHVZRXOGEHIOXFWXDWHG
DQG LWDIIHFWV WKHFDOFXODWLRQRIDFWXDOJDVFRQFHQWUDWLRQLQ0&8+RZHYHUDVFDQEHVHHQ LQ WKLV)LJ FWKH





DQG WHPSHUDWXUHFRPSHQVDWLRQ PHWKRG EDVHG XSRQ WKH H[SHULPHQWDOO\ GHULYHG HTXDWLRQV ZH FDQ HQKDQFH WKH
GHWHFWLRQDFFXUDF\RI&2FRQFHQWUDWLRQZLWKLQq&WRq&UDQJHV6LQFHWKHPD[LPXPHUURULVDERXWrSSP
DW  SSP ZLWKLQ  q& WHPSHUDWXUH VSDQ D QHZO\ GHYHORSHG PHWKRG FDQ EH DSSOLHG WR +9$& V\VWHP IRU













7HPSHUDWXUHFRHIILFLHQWV Σ& Σ& Σ& Σ&
\R>9@    
D>9@    
E>SSP@ ( ( ( (
306 J. Park et al. / Procedia Engineering 5 (2010) 303–306
